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Abstract. Application of 4-amino-3,5,6-trichloropicolinic acid (picloram) to roots stimulated
the production of ethylene in both mesquite [Prosopis juliflora (Swartz) DC. var. glandulosa
(Torr.) Cockerell] and huisache [Acacia farnesiana (L.) Willd.] seedlings. Herbicide levels
rose in tissues before we detected increased ethylene production. Rates of ethylene produc-
tion by various parts of the plant paralleled herbicide concentrations. In iboth species, picloram
caused loss of leaf movement and epinastic curvature of leaves and stems. Only huisache was
defoliated by picloram. Rates of ethylene production increased before we observed any leaf
movement or defoliation responses. Fumigation of plants with levels of ethylene, calculated
to approximate those in herbicide-treated plants at the initial loss of leaf movement, oaused
the same symptoms as picloram treatment. The time sequence of ethylene fumigation and
loss of the ability for leaf movement is oompatible with the hypothesis that there is a causal
relationship between picloram and ethylene production and loss of leaf movement.

We have observed that an early response of
huisache [Acacia farnesiana i(L.) Willd.] and mes-
quite [Prosopis juliflora (Swartz) DC. var. glandu-
losa (Torr.) Cockerell] seedlings to 4-amino-3,5,6-
trichloropicolinic acid (picloram) applied to roots is
loss of the ability of leaves to move in response to
light and contact stimuli. In 1932 Crocker et al.
(6) demonstrated that exposure to 2 ppm ethylene
inhibited nutational movement in tomato (Lycoper-
sicon esculentlum Mill.) plants. Zimmerman and
Wilcoxson (19) noted loss of leaf movement in
Mimosa puidica L. plants enclosed with tomato plants
that had been, treated with indole-3-acetic acid. Pic-
loram has been shown to possess growth regulator
and auxin properties (9, 11, 12). Crocker later re-
ported that Mimtosa puidica (L.) leaves exposed to
0.5 % carbon monoxide lost the ability to respond
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ologists).

3Mention of a trademark name or a proprietary
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States Department of Agriculture or Texas A&M Uni-
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to contact stimuli (5). He also reported that carbon
monoxide is known to mimic manv effects of ethylene
(5). Stimulation of ethylene production, over a wide
range of species, by several growth regulators is well
documented (1,3 7, 10,13,17, 19).

The aim of our experiments was to determine the
relationship of picloram treatment to ethylene evolu-
tion and leaf movement in huisache and mesquite
seedlings. We studied the opening and closing of
leaflets in response to light and dark, or their closing
in response to a physical stimulus such as shaking
or touching the plant.

Materials and Methods

Plant Materials. We dusted huisache and mes-
quite seeds with thiram (tetramethvlthiuramdisul-
fide) and then germinated them at 220 between damp
toweling in plastic refrigerator crispers. After ger-
mination (5 days). seedlings were transferred to
half-strength nutrient solutions i(15). Five seedlings
were suspended by a piece of black Plexiglas3 over
a foil-wrapped one-half-pint freezer jar, so that the
roots were in contact with the nutrient solution.

The seedlings were grown, treated and held for
ethylene analysis in a plant growth room under the
following conditions: light intensity, 1500 ft-c (sup-
plied by a mixture of fluorescent and incandescent
lamps); temperature, 220 constant; relative humiditY.
40 % constant: day length, 15 hr.

Herbicide Treatment and Analysis. We treated
18-day-old seedlings (8-10 cm in height; 4-6 fully
expanded leaves) by exposing their roots to
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4.13 X 10-6 M or 4.13 X 10-5 M (huisache and
mesquite, respectively) picloram solutions for 24 hr.
Treatment was accomplislhed by transferring the
Plexiglas supports containing the plants to similar
one-half-pint jars containing the treatment solutions.
After 24 hr we remo-ved the seedlings from the
herbicide solution; dipped their roots 3 times in 1 %
(v/v) NH4OH to remove adsorbed picloram; and
returneed them to fresh nutrient solution. Previous
studies have shown that these conditions kill approxi-
mately 60 % of the treated population.

Evaluation of Leaf Movement. Wge checked the
response of seedlings to light and contact stimuli
visuallv before each ethylene assay by moving the
plants to a darkened area (or a lighted area for
evaluation during the normal dark iperiod). The
first detection of a lack of movement following trans-
fer from light to dark (or dark to light) was con-
sidered the onset of loss of leaf movement capabilitv;
complete loss was marked by a lack of response in
all plants.

After each experiment, we determined picloram
concentrations in leaf, stem and root fractions,
utilizing the techniques of Merkle and Davis (14).
The samples were weighed. ground in acidified
acetone (4 ml HCl/l) and filtered. The filtrate was
reduced to dryness, dissolved in I % (v/v) NH4OH.
washed twice with ether, acidified with HCl to pH 3
and re-extracted with ether. The picloram-contain-
ing ether fraction was reduced to dryness, methylated
with methanolic boron trifluoride and taken up in
hexane for gas chromatographic analysis (14).

Ethylene Analysis. To determine ethylene pro-
duction by treated plants, we measured the ethylene
content of 5 ml air samples periodically withdrawn
from 12 liter bell jars that held groups of plants.
The analysis of ethylene and verification of its iden-
tity was accomplished by gas chromatography as
previously described (16). Immediately after anal-
ysis, all bell jars were flushed with air for 2 min to
remove accumulated ethylene and then re-sealed.

Time-Course ExperimleTnts. Ethylene production
by plants treated with picloram was measured at 6 hr
intervals over periods of 24 and 36 hr (mesquite and
huisache, respectively). We conducted 2 experi-
ments, each consistinig of 4, 12 liter bell jars for each
species; 2 with treated plants and 2 with untreated.
control plants. Each bell jar held 3 growth con-
tainers (a total of 15 plants).

Mesquite seedlings were enclosed 6 hr after
initiation of treatment; huisache seedlings were en-
closed upon removal from treatment solutions. The
variation in time of enclosure was necessary to in-
sure maximum uptake of herbicide prior to the loss
of leaf movement that occurred at different times
for each species.

Concurrent with the last time-course experiment,
8 groups (4 per species) of 3 growth containers were
treated and held under the same conditions as plants
in the bell jars. At 3, 6, 12, and 18 hr after treat-

ment, 1 group (3 growth containers) of mesquite
seedlings were harvested and fractionated. Four of
the 5 plants from each growth container were divided
into leaf, stem, and root fractions. Like fractions
of all plants in each growth container were combined
and placed in 125 ml Erlenmeyer flasks fitted with
rubber vaccine caps. The fifth plant was kept intact
and placed in a similar flask. Ethylene production
by eaclh fraction was determined 6 hr after fractiona-
tion, excepting plants divided at 3 hr which were
analyzed 3 hr later. The same procedure was fol-
lowed for huisache except that fractionation occurred
at 18. 24, 30, and 36 hr after treatment.

Fumigation E-perim1nents. \V e conducted 2 ex-
periments to observe the effects of exogenous ethylene
on huisache and mesqulite plants not treated with
picloranm. Each experiment utilized 5 bell jars per
species; each jar contained 3 growth containers (15
plan,ts). For each species, the concentration of
ethylene in 2 bell jars was maintained at a level
calculated to result in the internal concentration
present when herbicide-treated plants ceased to re-
spond to light or contact stimuli. Ethylene levels in
2 additional bell jars were varied with time to
approximate the time-course of internal ethylene
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FIG. 1. Effect of picloranil on total ethylene evolutioni
by mesquite alid huisache seedlings. Fifteen seedlings
enclosed in 12-liter bell jars. Data are average of 2
replications of each treatment.
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concentrations in picloram-treated plants. A final
bell jar (not fumigated) served as control. At 6 hr
intervals we observed the plants in all bell jars for
leaf movement immediately before we measured
ethylene content. Immediately after ethylene anal-
ysis, all jars were flushed with air and re-fumigated.
We terminated each experiment after leaf movement
ceased entirely.
We conducted a short-term fumigation experiment

utilizing 14 bell jars containing huisache seedlings
not treated with picloram. Six bell jars were fumi-
gated with 3.2 ppm and 6 with 6.4 ppm ethvlene.
Two bell jars, not fumigated, served as control.
Leaf movement was evaluated at 1 hr intervals for
5 hr.

Determination of internal ethvlene concentrations
was based on modification of a previously reported
factor relating ethylene production rates to internal
concentrations (2). Discussion of the conversion
factor and its modification follow in the next section.
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Results
and Discussion

The effect of picloram on total ethylene evolution
is shown in Fig. 1. Ethylene production by mesquite
and huisache seedlings rose sharply after treatment
with picloram, and an abnormally high production
rate persisted for the duration of the experiment.
Control plants not treated with picloram produced
levels of ethylene near the lower limits of sensitivity
of the measurement system. The sequence of visible
responses attribuited to picloram treatmen,t were cor-
related with the air concentration of ethylene at the
end of each collection period (Fig. 2). Ethylene
production by both species began to increase signifi-
cantly before exposure to picloram was terminated.
Loss of leaf nmovement occurred in both species after
ethvlene levels in the air surrounding the plants had
increased above the controls. Mesquite was first to
demonstrate increased ethylene evolution and loss of
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TIME, hours
FIG. 2. The effect of picloram on the evolution of ethylene, loss of leaf movement and defoliation of mesquite

and huisache. Ethvlene levels in 12-liter bell jars at the end of various collection periods are indicated.
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leaf movement due to picloram treatment. Maximum
air levels of ethylene detected were in the 0.15 to
0.17 ppm range. Abscission of huisache leaves began
at the time of maximumtn ethvlen,e levels, which was
only 6 hr after loss of leaf movenment cap)ability.
Observations from this and other tests4 revealed that
mesquite does not defoliate in response to picloram;
whereas, loss of leaf movement in huisache signals
that defoliation will soonl begin. Another response
of both species to picloram was epinastic curvatuire
of apical stems, apical leav es and eventually many
leaves.

Since ethylene in the bell jars was renmoved by
ventilation after each assay, a close approximation
of production rates was calculated for each collection
period in terms of txl/kg fresh wt/hr. To obtain an
estimation of internal ethvlene levels in various parts
of mesquite and huisache seedlings, wve applied a
modification of Burg's (2) factor of 2 ppm interin-al
ethylene for eaclh /A kg-lhr-I produced to the calcu-
lated productioni rates of intact plants enclosed in
bell jars and detached planlt parts enclosed in 125 ml
Erlennieyer flasks.

Burg's (2) conversioon factor of 2 ppm M1-1
kg-'hr-' was developed for apples and. avocados ha\,-
ing a surface-to-volumie '( S :V) ratio of approxi-
mately 1 cm2/cm3 (average value deternmined in our

lab). The actual S :V ratios of the seedlings repre-

sented the fold increase in the ratio betweein seedling
and fruit tissues. Consequently, the factor of 2 was

divided by the S :V ratios of mesquite and huisache
seedlings to give the factors used in subsequent
experiments (table I).

We maide sturface and volumiie imieasurenments on

4 representative seedlings of each species. Seedlings
were divided into leaflet (pinna), petiole, stemii and
root fractions. The pinna were separated into 5 to
7 groups depending on size. \Ve made detailed
measuremenits (width, length. thickness) of repre-

sentative samp)les from each group with a nmillimeter
ruler aind micrometer. Area and volume was calcu-
lated assuming the pinna to be 2 equal parallel ellip-
tical surfaces. Area and\volume of petiole, stem,
and root segments were calculated assuming cvlin-
drical shape.

The conmponents of the intact plant varied in their
S :V ratios andcl their contributionl by weight to the
total plant or leaf; therefore. wve calculated coIml-
posite S X ratios for planits by weighting the S :V
ratios of the individual components (Footnotes 2

and 3, table I).
The internal concentration of ethylene is critical

to the question of whether the gas causes the initial
svmptoms wlich follow application of picloram. We
were not able to measure internal levels directly and
yet a conservative estimate of such concentrations

4 Baur, J. R. and R. W. Bovey. Unpublished Data.

Table I. Sutrface to Volume Ratios of Various Fractionis
of Mesquite anid Hutisache Seedlinigs and Calculated

Factors for Conversion of Observed Ethylene
Produiction Rates to Internal Concentrations

of Ethylene

Species Fraction Surface:volume Coonversion factor'

Mesquite intact2 90 0.022
leaves3 82 0.024
stems 78 0.026
roots 126 0.016

Huisache intact" 80 0.025
leaves,' 137 0.015
stems 74 0.027
roots 137 0.015

Conversion factor obtained by dividing 2 ppm 1l-1
kg-l hr-I by the observed S :V ratio. The conversion
factor can then be multiplied times the ,l ethylene
kg-, hr-1 to estimate internal concentratioins of ethy-
lene.

2 Surface :volume ratio calculated by multiplying the
S V ratios of the individual fractions by the percent
by weight that these fractions contribute to the total
weight of the plant. These weighted values were then
added to give the composite or average S :V ratio.
Surface :volume ratio calculated by multiplyinig the
S :V ratios of leaflets, cotyledons and petioles by the
percent by weight that these fractions contribute to
the total weight of the leaf fraction. These weighted
values were then added to give the composite or av-
erage S :V ratio.

would allow a conclusion on the probability that
ethvlene is the causal agent. The surface-to-volumiiie
correction of 2 ppm ul-' kg-'lhr factor (2) is an
attempt to account for an increase in exit area per
volunme of gas-producing cells if a fruit is compared
to a leaf. It admittedly does not account for differ-
ence in resistance to diffusion offered by the epi-
dermal layers of fruits v,ersus leaves and stems.
Similar calculationis for pea epicotvl tissue resulted
in a factor of 0.13 ppm /Al-' kg-lhr'-l (8). The
accuracy of this factor (8) was supl)orted by fumi-
gation experiments in,volving levels of ethylene equal
to those calculated to be present during treatment.
An indirect method, based on auxin-induced ethylene
svnthesis and ethylene fumigation responses, allowed
calcu,lations of a factor of 0.2 ipqpm kl-1 kg-lbr-' (3,4).
These factors would estimilate interInal ethylenie conI-
centrations about 10-fold higlher than would be esti-
mated by our factors (table I). Our major purpose
in the remaining experiment was to answer the ques-
tion of whether the loss of leaf movement was due to
ethylene. That we were able to answer the question
affirmatively with a factor 10-fold more conservative
than other available factors (4, 8), enhances the
probability that ouIr conclusion is correct. By re-
porting both the calculated internal levels and the
factors (table I) we make it possible to convert our
data to ethylene production rates.

In a more detailed studv of the time-sequence of
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FIG. 3. Effect of picloram on internal ethylene levels (calculated) and other responises of mesquite and huisache

seedlings enclosed in bell jars at the times indicated. Ethylene levels calculated from observed production rates
usinig the conversion factors for intact plants in table I. Percent defoliation indicated in parentheses.

stimulated ethylene evolution and loss of leaf move-

ment, we began exposure of the seedlings to picloram
before thev were enclosed, creating a condition which
hastened the uptake and response to the herbicide
(Fig. 3). Mesquite seedlings lost leaf movement
capability 12 hr after they were exposed to picloram.
During the 6-hr period prior to this response, the
average internal level of ethylene was calculated to
be about 2.4 ppm. The calculated internal level of
ethylene eventually rose to 4.9 ppm in mesquite.
Loss of leaf movement in huisache occurred 24 hr
after the onset of exposure to picloram (Fig. 3).
During the 6-hr period immediately following this
response the average internal level of ethvlene was

calctulated to be 3.2 ppm. Ethylene levels in huisache
remained in the 2.8 to 4 ppm range until 72 hr after
the plants were treated. Epinasty preceded loss of
leaf movement in both species. Abscission was first
observed 6 hr after huisache losit leaf movenent
ability. Air levels of ethylene in bell jars containing
non-treated plants were occasionally too lowx to
nmeasure, but calculated ethylene levels in control
plants were generally below 0.4 to 0.5 ppm.

Analysis of picloram in tissue from plants enclosed
in bell jars revealed that the herbicide was predomi-
nantly in the tops of plants. Exposure of plants to
picloram before they were enclosed increased the
amount of herbicide recovered in the tissue. The
longer period of treatment of huisache before en-

closui e apparently caused that species to take up
more herbicide than mesquite.

Herbicide uptake and increased ethylene evolution
was shown by plants that were fractionated during
the second experiment. In mesquiite l(Fig. 4), pic-
loram levels in the root increased first, followed by
a sharp increase in stem tissue. MaximuImi herbicide
concentration in the stem (2 jtg/g fresh wt) occurred
concomitantly with loss of leaf movement. There
was no accumulation of picloranm in leaf tisstues.
Roots and leaves both demonstrated a low but con-

sistent increase in release of the gas. The dominant
feature of the data was that the production of
ethylene by stem tissue followed the rise in picloram
levels in that tissue. Loss of leaf movement was

first observed 12 hr after treatment. Internal ethyl-
ene levels in the stem at this tinle were calculated
to be 3 ppm, eventually rising to over 8 ppm (Fig. 4).

Ethylene production by the first huisache samples
fractionated in Experiment 2 was assayed 24 hr after
the beginning of picloram treatment (Fig. 5). By
this time picloram levels were high in leaves and
remained at or above 2 ,ug/g fresh wt for the dura-
tion of the experiment. Picloram levels declined in
roots from 24 to 36 hr. The last increase (36-42
hr) was correlated with a decline in the herbicide
level in leaf tissues. Relatively little picloram accu-

mulated in huisache stem tissue. As with mesquite,
there was a direct correlation between the portion of
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FIG. 4. Distribution of picloram levels and ethylene
production rates in mesquite plant parts fractionated dur-
ing the course of Experiment 2. Data plotted at the time
of assay; fractionation occurred 6 hr previously.
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FIG. 5. Distribution of picloram levels and ethylene
production rates in huisache plant parts fractionated dur-
ing the course of Experiment 2. Data plotted at the
time of assay; fractionation occurred 6 hr previously.

the p)lant containing the highest concentration of
herbicide and the fraction releasing ethylene at the
highest rate. Except for the unexplained reduction
of ethylene production at 30 hr, huisache leaves re-
leased ethylene at the highest rates. 'hile picloram
levels in stern tissues were the lowest of all huisache
fractions, ethylene production from this fraction was
significant, especially during the 30- to 40-hr period
when some redistribution of picloram between leaves
and roots appeared to occur. This observation stig-
gests 2 conclusions: A) the concentration of pic-
lorani necessary to stinmulate ethvlene synthesis in
stem tissue is extremely low in that tranlsitorv levels
appear capable of stimulation; B) mosoveiment of sig-
nificant amounts of tlle lherbicide tlhrough the stem
to the leaves apparently does not inlibit or otherwise
alter the capacity of the stenm for subsequent ethylene
lproduction in response to piclorami.

Productioin of ethylene by fractions of untreated
seedlings of both species was negligible.

Maximiiumn calculated internal ethylene levels in
huisache leaves approached 6 ppnp. The conmparisoni
of calculated ethylene levels and tinmes of various
responses in Fig. 4 and 5 is not as valid as it is for
Fig. 3. because in the forimier case the movement of
l)iclorani into or ouit of a specific fraction is stopped
at the time ethylene collection was started. In addi-
tion, ethylene Nwas collected from a detached plant
part ratlher than an intact plant. The approach did
indicate the relative picloram levels alnd ethylene
p)roduction rates in various plant parts during the
experilment.

The imlajor finiding in Fig. 4 and 5 is that licloram
levels and ethylene l)roduction rates are highest in
miies(lutite stemxs auld huisache leaves. The fact that
the rate of ethylene production bvy huisache stems is
out of l)roportion to herbicide level wheni comipared
to other fractions stuggests tha!t this tissue is rela-
tivelv sensitive to the herbicide. It is interesting to
note that xvhile picloranm causes inhibition of leaf
movement and epinastv in both species, abscission
occurs only in huisache, the species where the peak
acceleration of ethylene production occurs in the
leaves.

When wNe used the conversion factors in table I
to calculate internal ethyvlene levels in fractionated
plants, we found that all calculated values for leaves
and some values for roots were lower, but of the
same order of magnitude, as the levels of ethvlene
in the air surrounding these fractions. This obser-
vation couild indicate that: (a) the conversion fac-
tors were too conservative or (b) enclosure of these
fractions in 125 ml Erlenmeyer flasks for 3 or 6 hr
allowed accumulation of ethylene above levels that
would have been present internally, were the tissues
not enclosed. Even if the latter explanation is cor-
rect, it would argue that the larger volume of the
bell jars would prevent this error. In fact, we found
that the calculated internal ethylene levels for bell
jar plants were always much higher than the air
levels of ethylene observed in these containers.
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BAUR AND MORGAN-PICLORAM AND ETHYLENE ON LEAF M.NIOVENIENT

The data in Fig. 4 and 5 are in agreement with
otur conclutsion that elevated ethylene production is
a function of picloram level and that ethylene could
function in the in,itial responses to the herbicide.
We tested this hypothesis by fumigating plants (not
treated with herbicide) with levels of ethylene calcu-
lated to be in treated plants at the time of their first
loss of leaf nmovement. In 2 experiments, ethvlene
at 2.1 and 3.2 ppm removed or blocked the ability of
mesquite and huisache leaves to respond to touch and
light (table II). Epinastv was induced in both
species by the added ethylene but defoliation occurred
only in huisache plants. These responses, with 1
possible exception, exactly parallel the initial re-
sponses to picloram. Epinasty preceded loss of leaf
mo,vement with picloram treatment (Fig. 3), but the
leaf moveement response preceded or paralleled the
appearance of epinasty following ethylene fumigatioin
(table II). This sequence is reasonable because
picloram results in a changing pattern of ethylene
production (Fig. 4 and 5); whereas, ethylene fumi-
gation results in uniform elevation of internal ethyl-
ene levels. The time required for ethylene to 'block
leaf movement was between 6 and 12 hr for mesquite
and 0 to 6 hr for huisache (table II). These times
are brief enough to postulate that ethvlene produced
by the herbicide induced the loss of leaf movement
in the picloram experiments (Fig. 2 and 3).

The order in which ethylene fumigation blocks
leaf movement is reversed when compared to the
sequence of herbicide-induced symptom production.
It shouild be noted that the order in which leaf move-
ments are blocked in the 2 species in response to
picloram is actually a reflection of the order in which
ethylene production is stimulated '(Fig. 2 and 3).

Due to the rapidity of loss of leaf movement in
huisache (table II), we fumigated an additional
population of plants with 3.2 and 6.4 ppm ethvlene.
Hourlv observations revealed that ethylene blocked
this response between 2 and 3 hr after fumigation.
Leaf movement capability vas recovered after ethyl-
ene was removed. Since no abscission occurred
following the 5-hr fumigation, it is obvious that loss

Trahle 11. Responise of Mesquite and Hutisache Seedlings
Fumtiqgated with 2.1 and( 3.2 ppmiJ Ethyleete

Leaf movement response
Time after Mesquite Huisache
onset of experiment experiment

fumigation I II I II

hr
0 Normal Normal Normal Normal
6 Normal Normal Negative' Negative'
12 Negative Negative Negative2 Negative2
18 Negative Negative' Negative3 Negative
24 Negativel Terminate Terminate Negative3
30 Negative ... ... Negative

' First epinastic response.
- Trace defoliation.
3 80 to 90% defoliation.

of leaf movement precedes the induction of abscission.
Induction of abscission mav also be reversible or
require a longer time than the leaf movement re-
sponse before an irreversible stage is reached. Since
there was no di£fference in the timing or severity of
leaf movement at either level of ethylene, both con-
centrations probably saturate the response completely,
suggesting that the response might occur at lower
concentrations. A replicated test revealed that
neither mesquite nor huisache lost leaf movement
wvhen fumigated with the air concentrations of
ethvlene observed at the time the movement response
was noted in Experiment 1 (0.060 and 0.095 ppm,
mesquite andl huisache, respectivelv) '(Fig. 2). Al-
though1 fumigationl wvith these concentrations did not
produce the leaf movement response in mesqtuite and
huisache, w-e observed some disorganizatioil of leaf-
lets and a sliglht but discernible slowing of leaf move-
ment when plants were moved from light to dark or
visa versa. Therefore, the minimum concentration
of ethylene required to produce the leaf movement
response must lie between 3.2 and 0.095 and 2.1 and
0.060 ppm for huisache and mesquite, respectively.

The results of our experiments strongly indicate
that loss of leaf movement and other initial symptoms
of picloranm treatment of mesquite and huisache is
exclusively or predominantlv due to ethylene pro-
duced in response to the herbicide. This is essen-
tially a restatement of the Zimmerman and Wilcoxon
(19) hypothesis relating auxin treatments, auxin-
and ethylene-induced plant responses, and the stimu-
lated production of an emanation which catuses
epinastv. The hvpothesis was re-introduced by
Morgan and Hall (17) with direct proof of auxin-
induced ethvlene production. Subsequently, other
workers have published evidence supporting a func-
tional role for ethylene in several processes once
thought to be caused by auxin (1, 3, 4, 13). Recently
this phenomena was shown to be more generally
applicable than just to the auxins. Morgan and
Powell (18) reported that the growth promoter-
inhibitor, coumarin, inhibited the light-induced
growth of etiolated bean hypocotvl hooks via stimu-
lation of ethylene production. At lower concentra-
tions contmarin stimulated growtth of hypocotyl
sections. The present work further extends the
a-pplicability of the principle that planit regullators
can exert one or more of their infltlences by causing
the production of a physiologically active level of
ethvlene.

Apparently the only evidence lacking for complete
proof that ethylene mediates the responses to picloram
discussed here is whether the calculated internal
ethylene levels are valid. Application to leafy seed-
lings of a factor developed to reflect on the diffusion
of ethylene out of fruits is subject to criticism. In
order to further clarify the role of ethylene, more
critical methods for determining internal levels of
the gas in vegetative tissue must be developed and
applied to this and similar studies.
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